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Smallest Nanoelectronics

with Atomic Chain

Toshishige Yamada
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3. Lateral coherent coupling

Si(111)2x1 dangling bond chain:
Stroscio, Feenstra, & Fein, JVST A 5, 838 (‘87)

lateral coupling

Muller, van Ruitenbeek, & de Jong, PRL 69, 140 (‘92)

almost disconnected atomic wire
o ~2e*Mm

Rapid progress in STM experiment

1. Atom manipulation with STM
Fe on Cu:
Crommie, Lutz, & Eigler, Science 262, 218 (‘93)

Sion Si: | .

Avouris & Lyo, Science 253, 173 (‘91)
H on Si:

Shen, Wang, Abeln, Tucker, Lydin

VOuris,
& Walkup, Scicnce 368, 1590°(95)
2. Vertical I-V spectroscopy with STM

Si(111)2x1: §
Stroscio, Feenstra, & Fein, PRL 57, 2579 (‘86) ”w

Si(111)7x7:

Becker, Golovchenko, Hamann,
& Swartentruber, PRL 55, 2032 (‘85)

Kubby, Wang, & Green, PRB 43, 9346 (‘91)

Smallest electronics with presice structures

Macro; >10°m

Uniform
,,,,,, Predictable
R Controllable

Meso: 10 ~ 107 m

Nonuniform
Unpredictable
Uncontrollable

Uniform -
Precise, accurate
Designable




Precise structures

Substrate as a template
o R Adatom

Substrate

Electronic properties with m.m_:.cm:nmnm theory

Yamada, JVST B 14, 1243 (‘96); A 15,1280 (‘97); B 15, 1019 (‘97m)

1D Si chain: 1D Mg chain:
metallic regardless of 4 semiconducting regardless of
Si
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solid stitte clectronics

Electronics:

want p- and n-semiconductors

Doping scheme:

dopant?
geometry?

band width & E,

alonice chain clectronies
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Atomic modulation doping - least band deformation
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Substrate eftects
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@ first layer silicon
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1. Reduce orbitals
available for chain

2. Unintentional
/M.a_.p:_ doping

natural spacing

3D Si band with aceeptor Al

Al

P

$-p crossing

and donor P

edge state due to H

Spacing (A)
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Summary

Precise adatom structures on a regulated surface
as a template - no uncertainty

Mg chain: semiconducting
Doping method:
Periodic, beside the chain
Donors group I, acceptors group VII

Future

Substrate effects
Ohmic contact
Transport through junctions

Towards devices with gain

At contact:

Yamada, JVST A 15, 1280 (‘97)

Frequent exchange (Ohmic contact)
extended, large C

-
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3:& picture

/ 2
Infrequent exchange i elC
localized, small C

“ Coulomb blockade




